
Spectrochimica Acta Part B 124 (2016) 109–115

Contents lists available at ScienceDirect

Spectrochimica Acta Part B

j ourna l homepage: www.e lsev ie r .com/ locate /sab
Technical note
Practical guidelines for best practice on Total Reflection X-ray
Fluorescence spectroscopy: Analysis of aqueous solutions
Sofía Riaño, Mercedes Regadío, Koen Binnemans, Tom Vander Hoogerstraete ⁎
KU Leuven, Department of Chemistry, Celestijnenlaan 200F, 3001 Heverlee, Belgium
⁎ Corresponding author.
E-mail address: Tom.Vanderhoogerstraete@kuleuven.

http://dx.doi.org/10.1016/j.sab.2016.09.001
0584-8547/© 2016 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 26 May 2016
Received in revised form 5 September 2016
Accepted 5 September 2016
Available online 06 September 2016
Despite the fact that Total Reflection X-ray Fluorescence (TXRF) is becoming more and more popular as a quan-
tification technique in analytical chemistry due to its simplicity and robustness, there are still some key aspects
related to the sample preparation that need to be improved. In this work, the effect of different parameters is in-
vestigated: measurement time, carrier position, sample volume and sample drying time. The measurement time
and the sample volume on the carriers mainly affect the recovery rate and relative standard deviation of the
quantifiedmetal from aqueous solutions. Themost important parameters that play a fundamental role in the cal-
ibration of a TXRF machine such as choice of the standard element and concentration ratio between the analyte
and the standard are discussed. Practical and easy guidelines for the correct preparation of aqueous samples are
presented. These can be used by both less and more experienced TXRF users, interested in measuring metal ion
concentrations in aqueous samples.
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1. Introduction

Total Reflection X-ray Fluorescence (TXRF) is an often used analyti-
cal technique for metal quantification in liquids, solids, wafers and bio-
logical samples [1–14]. Despite being amply referenced for the analysis
ofwafers, only recently benchtop TXRF spectrometers became commer-
cially available and more competitive with techniques such as induc-
tively coupled plasma optical emission spectroscopy (ICP-OES),
inductively coupled plasma optical mass spectrometry (ICP-MS) or
atomic absorption spectroscopy (AAS) [15–20]. This technique is very
similar to Energy Dispersive X-ray Fluorescence (EDXRF) [7,21]. How-
ever, the relative position of the incident beam to the sample carrier is
significantly different. In TXRF, the sample carrier is inclined under an
angle of 0.1° with respect to the direction of the incident X-ray beam.
This results in the total reflection of the X-ray beam on the surface of
the sample carrier [21,22]. This total reflection of the X-ray beam has
three main advantages: (1) the background signal is significantly re-
duced as almost no X-rays are penetrating into and exciting the sample
carrier. The set-up geometry reduces the background and the detection
limit by a factor of at least 103 depending on the element in comparison
with EDXRF setups; (2) The sample on the carrier is excited by both the
incident and the reflected beam, which results in an increased excita-
tion probability of the sample elements, and (3) the carrier is placed
very close to the detector (≈0.5 mm) which makes it able to collect a
large amount of the fluorescence radiation of the sample [7]. In this
be (T. Vander Hoogerstraete).
way, the signal-to-noise ratio is low and concentrations into the ppb
range can be measured.

The TXRF technique has several advantages over atomic absorption
spectroscopy (AAS), instrumental neutron activation analysis (INAA)
and techniques based on inductive coupled plasma (ICP-MS, ICP-OES).
In TXRF, only a small amount of sample and chemicals are required for
sample analysis, the sample preparation procedure is faster and the
cost related to themeasurements is much lower. Furthermore, different
metals can be quantified in one single measurement and calibration
curves are not compulsory for each measurement because element
quantification can be performed by using an internal standard [7,23–
25].

Despite its advantages, TXRF is not commonly used yet as a replace-
ment for ICP methods or AAS [26]. This is probably due to its more re-
cent development [27,28], the lack of standardization procedures (i.e.
standardization by ISO, ASTM, or DIN has just started being developed)
[23,29–31], and the influence of the sample preparation procedure on
the accuracy and precision of the data [4,32,33]. In other techniques,
the way and position in which the sample is entering themeasurement
unit is fixed and automated. In the case of TXRF measurements, the op-
erator influences more directly the size, morphology and thickness of
the sample and its position relative to the detector and the X-ray
beam, aspects which can significantly influence the results.

Although several reviews, books and articles about TXRF have been
published [6,21–23,26–28,33–37], there is a lack of fundamental, simple
guidelines and standard procedures for new TXRF users whowould like
to apply the TXRF technique for measuring on liquid samples [7,21,27].
To date, our lab is using on a routine basis three TXRFmachines (Picofox
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S2, Bruker) to quantify elemental concentration in up to 500 liquid sam-
ples everyweek. In this paper, a series of experiments are reported indi-
cating that the sample preparation procedure is a key aspect on TXRF
analysis. This paper does not focus on the technique itself, but on the
practical side of performing TXRF measurements. The following ques-
tions are considered: (1)What is the influence of measuring time, sam-
ple position and the hard and software on themeasurements? (2) How
can highly reproducible data be obtained andwhat can be considered as
the best sample preparation procedure? (3) How should the calibration
of the machine be performed and when is it needed to be careful while
processing results based on internal calibration? (4) How to clean sam-
ple carriers and what kind of impurities can be expected even after a
proper cleaning procedure?

2. Experimental

2.1. Chemicals and equipment

The 1000±10mg L−1 praseodymium, neodymiumand gallium (Pr,
Nd and Ga) standards solutionswere all obtained fromMerck (Overijse,
Belgium). A silicone solution in isopropanol was obtained from SERVA
Electrophoresis GmbH (Heidelberg, Germany).

All TXRF measurements were performed with a benchtop Total Re-
flection X-ray Fluorescence (TXRF) spectrometer (Picofox S2, Bruker)
operating with a molybdenum X-ray source at 50 kV. Reusable quartz
sample carriers (4 × 30 mm) were employed for all measurements.
The optimized sample preparation was the following: Firstly, the sam-
ple carriers were pretreated with 30 μL of silicone in isopropanol at
room temperature and dried for 20 min in a hot air oven at 60 °C. This
procedure was followed to make the surface hydrophobic and avoid
spreading of the aqueous sample on the carrier. Secondly, 5 μL of the
sample was added onto the carrier at room temperature and dried at
60 °C in a hot air oven for 30min. The gain correctionwasperformedbe-
fore each series ofmeasurements. Samplesweremeasured for 200 s un-
less reported otherwise. All volumes were controlled gravimetrically by
weighing. Spectra were analyzed with the Bruker Spectra Picofox V
7.5.3.0 software. Corrections were made for the escape peak, for pile
ups and the backgroundwas corrected by amaximumof 1000 stripping
cycles with a step width of 50. Samples were diluted with MilliQ water.
Two identical TXRF machines (referred to in this study as TXRF1 and
TXRF2) were tested to exclude effects specific to one of the machines
and to validate, when necessary, the general conclusions for this type
of machines.

The influence of themeasuring timewas studied by pipetting 5 μL of
a solution containing 100mg L−1 Ga and 100mg L−1 of Nd on a sample
carrier. The carrier wasmeasured for different times, without any other
manipulation, and the relative standard deviation (RR) was calculated
based on three measurements at the specific time interval. This experi-
ment was performed once on TXRF1 and twice on TXRF2.

The position of the sample carrier with respect to the X-ray beam
was studied by pipetting 5 μL of a solution containing 100 mg L−1 Ga
and 100 mg L−1 Nd onto six different carriers. Each sample was mea-
sured six times for 200 s without removing it from the measurement
position and another six times with removal from the machine in be-
tween measurements. In another experiment, three sample carriers
prepared with 5 μL of the former solution were measured under differ-
ent positions relative to the X-ray beam. After each measurement of
200 s, the three different samples were rotated 60° and re-measured.

The influence of the drying time of the silicone in isopropanol, added
on the sample carrier before addition of the sample, was studied by
adding 30 μL of this solution on the sample carriers and drying it for dif-
ferent times at room temperature. After the specific drying time, 3 μL of
a solution containing 100 mg L−1 Ga and 100 mg L−1 Nd was added
onto the carrier and dried for 30min in an oven at 60 °C. For the optimi-
zation of the sample amount, the sample carriers were pretreated with
30 μL of silicone solution and dried for 20 min in the oven at 60 °C.
Afterwards, they were cooled to room temperature, and 1, 3 or 5 μL of
a solution containing 100 mg L−1 Ga and 100 mg L−1 Nd was added,
the carriers were dried for 20 min at 60 °C in a hot air oven. Nine series
of ten measurements were performed. The influence of the sample dry-
ing time was studied on three different carriers containing a sample of
100 mg L−1 Ga and 100 mg L−1 Nd, the carriers were pretreated
using the optimized procedure. The three samples were first measured
when it was observed that all the water was evaporated from the sam-
ple. Afterwards, the sample was dried again for 5, 10, 15, 30, 45 and
60 min and measured immediately after each drying period. The RSD
values at tn are calculated based on the concentration values found in
tn-1, tn and tn+1.

The optimized sample procedure was tested by three different oper-
ators on six different days. The average count ratio of all measurements
betweenGa andNdwas used as the calibration factor. The non-linearity
of the calibration factor was studied by preparing 12 different solutions
containing all 100mg L−1 Ga and different concentrations of Pr ranging
between 1 and 900 mg L−1. The sample carriers were pretreated as de-
scribed above, and measured for 300 s. The 12 solutions were diluted a
10 fold andmeasured again for 3000 s to study the influence of possible
matrix effects.

2.2. Formulas

The relative standard deviation (RSD) was calculated based on the
following equation:

RSD %ð Þ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑N

i¼1 xi−xð Þ2
N−1

s

x
� 100 ð1Þ

where x is the average concentration, xi the calculated concentration for
measurement i and N the number of measurements.

The recovery rate (RR) is defined as:

RR %ð Þ ¼ Measured concentration
Expected concentration

� 100 ð2Þ

3. Results

3.1. Parameter studies and optimization

All experimentswere performedwith Ga and the lanthanides Pr and
Nd. Ga is often used as an internal standard in TXRF measurements be-
cause it is rarely found in aqueous samples. Lanthanides were chosen
over more conventional and typically analyzed first row transition
metals because the latter ones can be found in natural waters (Fe, Cu,
Zn) or are sometimes difficult to remove from the sample carriers dur-
ing the cleaning procedure (Fe, Zn). Both situations can influence the
measurements, especially when working at low concentrations.

The measurement time has a relevant influence on the RSDs of the
TXRF measurements (Fig. 1). A 5 μL sample of 100 mg L−1 Ga and
100 mg L−1 Nd was measured during different times. The RSD was cal-
culated based on three measurements at each measurement time. All
measuring times longer than 15 s gave RSDs smaller than 1%. All pro-
ceeding measurements were therefore performed for 200 s or longer
in order tominimize the influence of themeasuring time on the relative
standard deviations. Note that the RSD values are directly depending on
the number of counts rather than themeasuring time. However, the use
of counts rather than time is rarely done for TXRF machines requiring
high sample throughput because of the uncertainty in effectivemeasur-
ing time and sample throughput.

After each measurement, the sample is removed mechanically from
the measuring position by an automated gripper that rolls the sample
carrier back into the sample holder. The relative position of the sample
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to the detector was therefore slightly different when the gripper placed
the carrier back into themeasuring position. Such rotation did not occur
in the previously performed measurements. Therefore, the influence of
such a rotation on the measurement was evaluated as described in the
experimental section. The difference in RSD between removing and
not removing the sample from the measurement position is very
small (Table 1). Moreover, the RSD values are in the range found for
the time experiments.

The next investigated parameter was the position of the sample car-
rier chosen by the operator. There are an infinite number of possible po-
sitions in which the sample carrier can be placed in the measuring
position. The orientation of the sample relative to the ingoing and out-
going beamcould also influence the results. Following the standard pro-
cedure, 5 μL of a solution containing 100mg L−1 Ga and 100mg L−1 Nd
was disposed on a quartz sample carrier and measured for 200 s. After
the measurement, the sample was rotated in the sample holder by
60°. This procedure was done in triplicate and repeated six times until
the three carriers were back in their initial position. The RSDs on these
measurements were 0.27, 0.30 and 0.52%. These values are slightly
higher than the average RSD values reported in Table 1. However, it
can be seen in Fig. 1 that such RSD values can be expected even without
changing the position of the sample. Therefore, random errors intro-
duced by the sample position are negligible in comparison with the ef-
fect of the measuring time.

Pipettes may cause random errors during the sample preparation
procedure as well, but such errors are often smaller than 0.6%. System-
atic errors are avoided by using the same pipette and an internal stan-
dard. It is important to mention that errors made by pipetting were
avoided in this work by performing most of the experiments from one
single mixed metal ion stock solution and by controlling and correcting
the volumes gravimetrically. Next, the sample preparation method was
Table 1
Relative standard deviation (RSD) made on the measurement of six sample carriers sam-
pledwith 5 μL of 100mg L−1 Ga and 100mg L−1 of Nd thatweremeasuredwith andwith-
out removal from the measurement position (position change).

Carrier Without position change With position change

RSD (%) RSD (%)

1 0.20 0.65
2 0.22 0.25
3 0.16 0.39
4 0.79 0.15
5 0.13 0.08
6 0.18 0.24
Average 0.28 0.29
optimized inwhich (1) the amount, drying time and temperature of sil-
icone in isopropanol were studied as well as (2) the amount, drying
time and temperature of the sample on the siliconized carrier. In con-
trast to poly(methyl methacrylate) (PMMA), quartz glass is not hydro-
phobic, but can be made hydrophobic by treating it with a silicone
solution. From experience, we know that the volume of silicone in
isopropanol solution, covering the whole TXRF carrier needs to be at
least 30 μL at room temperature. Addition of the silicone solution to a
carrier at higher temperature results often in migration of the solution
to one side of the carrier and an inhomogeneous spreading of the sili-
cone solution over the carrier. This can cause amovement of the sample
droplet over the carrier resulting in significant errors in the measure-
ment [38].

Volumes smaller than 30 μL but at room temperature are also spread
out inhomogeneously over the carrier, especially in the case of older
sample carriers, which could have some scratches on their surface.
The drying time of the silicone solution in isopropanol at 60 °Cwas var-
ied between 30 and 240 min. Each data point represents the RSD on 10
sample carriers prepared at different moments with 3 μL of a solution
containing 100 mg L−1 Ga and 100 mg L−1 Nd (Fig. 2). There is a slight
decrease in the RSDs when the silicone solution in isopropanol was
dried for a longer time, however, all RSDs remained below2% and there-
fore, the drying timeof the silicone in isopropanol at 60 °C does not have
a significant effect on the reproducibility and accuracy of the
measurements.

Next, the amount of sample on the sample carrier was investigated.
An aliquot of 1, 3 or 5 μL of a solution containing 100 mg L−1 Ga and
100 mg L−1 Nd was added on a carrier pretreated with silicone in
isopropanol. Three series of 10 samples carriers with 1, 3 or 5 μL of sam-
ple were prepared at different moments. To keep the number of counts
approximately constant, the measurement time was increased when
decreasing the sample volume, thus, sample volumes of 1 μL were mea-
sured during 1000 s, sample volumes of 3 μL during 333 s and sample
volumes of 5 μL during 200 s. As it can be seen in Fig. 3, there is a general
trend of decreasing RSD values while decreasing the amount of sample.
At lower volumes the droplet has less chance tomove on the carrier and
it remains in the center.

The drying time of the sample was studied as well. Therefore, a trip-
licate of sample carriers containing 5 μL of a solution with 100 mg L−1

Ga and 100 mg L−1 Nd was prepared. The samples were measured
when it was seen that all water had been removed from the sample
by drying it in the oven (t=0min). After themeasurement, the sample
was placed again into the oven for a specific time interval andmeasured
again. This sequence was followed after 5, 10, 15, 30, 45, 60 and
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Fig. 2. Relative standard deviation (RSD) on the measurement of 10 sample carriers
containing 3 μL of a solution with 100 mg L−1 Ga and 100 mg L−1 Nd as function of the
drying time of silicone in isopropanol. Drying at 60 °C with a measurement time of 333 s.
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960 min. It was shown before that the effect of the software, counting
statistic and the sample position gave RSD values around 0.3% (Table
1, Fig. 1 and the discussions). The RSD values given in Fig. 4 at time tn
are calculated based on the concentration values found in tn-1, tn and
tn+1. RSD values are in most cases significantly higher. This is probably
more an effect of re-drying rather than an effect of drying time. After
each drying procedure at 60 °C, the dried sample is cooled down to
room temperature. As most samples contain mainly hygroscopic salts,
they can take up water from the air and even become (partly) liquid.
A re-drying process can cause recrystallization processes which mainly
occur at places already enriched in this specific element, causing a non-
uniformity across the sample affecting the accuracy of a quantitative
analysis. The evaporation behavior of different kinds of droplets and
studies on their morphology and homogeneity once dried have been
studied and reported elsewhere [7,39–41]. In TXRF, the superposition
or interference between the incoming and reflected beams at small
grazing incidence angles can cause X-ray standing waves above and
below the substrates. The effect of these standing waves is usually not
taken into account since two assumptions are made: first, the lateral in-
homogeneity of the X-ray standing wave field is averaged in the mea-
sured signal and second, that both sample and standard are
homogeneously distributed [42–44]. However, if irregular aggregates
10 100
0

2

4

6

8

R
S

D
 (

%
)

Sample drying time (min)

Fig. 4. Influence of the sample drying time on the RSD values of 3 samples containing
100 mg L−1 Ga and 100 mg L−1 Nd. The RSD values shown at time tn are calculated
based on the concentration values found in tn-1, tn and tn+1. Note that the X-axis is
plotted on a logarithmic scale.
of analyte or standard are present at different points of the sample,
the interference between the incoming and reflected waves cannot
occur, destroying theX-raywavefield and therefore, affecting the inten-
sity of the detected fluorescence [42,45]. Other possibilities could be the
loss of material during sample preparation (although significant de-
creases in count rates are not observed) or decreased matrix effects by
further reducing the amount of (crystal) water when drying for longer
period. Even significant higher RSD values and recovery rates are ob-
served when drying the silicone solution in isopropanol at 60 °C for
only 2 min and obtaining a sample residue covering a larger surface
area on the carrier.

Themost important parameters influencing the standard deviations
on TXRF measurements were investigated for samples containing
100mg L−1 Ga and 100mg L−1 Nd. The next stepwas to test if other op-
erators could find the same results (%RR and RSD) when following
the same procedure. Table 2 gives an overview of six series of 10
measurements performed on different days and by different operators.
The results show a very high accuracy and reproducibility of all
measurements.

3.2. Calibration curves

So far, only solutions having equal Nd and Ga mass concentrations
(100 mg L−1) have been measured. Such conditions are rarely faced
when measuring real samples with elements present in unknown con-
centrations. A straightforward and correct calibration method for TXRF
measurements with an internal standard is of high importance. Ideally,
the calibration is valid for a wide range of concentrations relative to the
internal standard that is used. The calibration factor gives the ratio of the
detected X-ray fluorescence intensity from an internal standard ele-
ment relative to the element of interest at equal concentrations. In
order to check the linearity of this calibration factor, a series of 12 cali-
bration solutions containing 100 mg L−1 Ga and different amounts of
Pr ranging from 1 to 900 mg L−1 were prepared (Fig. 5). All data were
normalized to the recovery rate found for 100 mg L−1 Ga and
100 mg L−1 Pr.

In Fig. 5, the red dots represent the results obtained with the more
concentrated solutions. There is a Pr concentration overestimation at
Pr concentrations that are relatively low compared to Ga and an under-
estimation of the Pr concentration at Pr concentrations that are relative-
ly high compared to Ga. This non linearity in counts and recovery rate is
remarkable as one of the fundamental assumptions of TXRF is that the
number of counts of an element is proportional to its concentration.
Moreover, these results suggest that TXRF measurements need to be
performed in a very narrow, calibrated concentration range and that
quite often large errors are made when using a single internal standard
for quantifying multi-element solutions containing metals present in
different concentrations. The graph can be split into three regions
when considering the standard deviations. The standard deviation is
high on the left hand side of the graphwhich is due to the lower detect-
ed X-ray fluorescence intensity resulting in a lower signal to noise ratio
and a larger uncertainty on the peak intensity. On the right hand side,
the concentrations are relatively high and matrix effects start to play a
role. Therefore, the standard deviations are again higher. The standard
Table 2
Recovery rates and RSD values on 6 series of 10measurements with 1 μL solution contain-
ing 100mg L−1 Ga and 100mg L−1 Ndmeasured by three different operators at six differ-
ent days.

Day Operator RR (%) RSD (%)

1 A 101.8 1.4
2 A 102.2 0.7
3 B 101.2 0.8
4 B 101.4 1.4
5 C 99.9 1.3
6 C 101.5 1.1
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deviation is low at medium concentrations (around a Pr/Ga mass ratio
of 1 and with a gallium concentration of 100 mg L−1). Afterwards, the
12 solutions were diluted a tenfold (to a Ga concentration of
10 mg L−1) to prove that this non-linearity is not caused by the fact
that relative large metal concentrations are used. The measuring time
was increased from 300 s to 3000 s in order to get a similar detected
X-ray fluorescence intensity for the elements of interest. The black
curve in Fig. 5 shows a similar trend although the recovery rates are
closer to 100% at higher Pr concentrations.

This non-linearity when using Ga as internal standard was also ob-
served with other rare earths and transition metals. Nd and Pr are two
lanthanides having L-lineswith very close energies. The effect on the re-
covery rates, as shown in Fig. 6, is very similar suggesting that, when
measuring Nd, Pr should be a better internal standard, canceling out
the effect that causes the non-linearity shown in Fig. 5. Therefore, a sim-
ilar experiment was carried out in which the Pr concentration was kept
at 100 mg L−1 and the Nd concentration was varied. Fig. 6 shows that
indeed, the recovery rates and standard deviations are much better
than in the case of Pr/Ga, however, at low Pr/Nd ratios, the peaks of Pr
are overlapping more the peaks of Nd making difficult to distinguish
them, resulting in lower recovery rates for Pr.
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Fig. 6. Pr recovery rate (%) as function of themass ratioNd/Pr in solution. Pr concentration:
100mg L−1, each data pointwasmeasured in triplicate. Note that theX-axis is plotted on a
logarithmic scale. Error bars represent the standard deviation.
Therefore, to get accurate and precise data, the calibration of the el-
ements is performed bymeasuring 10 times amixture of the element of
interest and gallium as internal standard at equal concentrations
(100 mg L−1). Often, the calibration of the TXRF machines is carried
out by making groups of four or five metals for which the X-rays are
not overlapping and with concentrations of 50 mg L−1 to avoid matrix
effects. In the case of single-element solutions is strongly suggested to
re-measure a solution if the element of interest is less than half or
more than double of the concentration of the internal standard used
and, if possible, to measure with an internal standard that has an X-
ray fluorescence energy as close as possible to the element of interest.
For multi-element solutions with extremely different concentrations,
it is recommended to evaluate the best conditions for the measure-
ments in terms of the choice of the internal standard element and its
concentration.

3.3. Carrier, blank problems and detector contamination

One of the most sensitive and expensive parts of a TXRF machine is
the detector. Depending on the nature of the detector, problems due
to corrosion can be faced when exposed to corrosive gases. The center
of the detector shown in Fig. 7 is damaged and the surroundings suggest
that volatile species escape from thematrix and condense on the detec-
tor assembly. First of all, improper drying of the sample can conduce to
samples that still contain significant amounts of acid like HNO3 (which
comes from the internal standards used). During themeasurement, it is
possible that part of the remaining acid evaporates and condenses on
the detector. However, it is very unlikely that still significant amounts
of HNO3 evaporate at room temperature after a drying procedure of
30min at 60 °C. It ismore likely that high chloride saltmatrices are caus-
ing the corrosion. Samples with (high) chloride matrices (e.g. NaCl,
NH4Cl, CaCl2, etc.) need special attention since these hygroscopic salts
can take up water from the air when standing in the sample holder,
waiting to bemeasured.Metal salts present in the sample can hydrolyze
and release highly volatile HCl gas that condenses on the detector. A
way to change froma chloride to a nitratematrix is adding a small quan-
tity (e.g. 0.005 mL) of 68 wt% HNO3 acid onto the residue that remains
after drying. The removal of chloride from a 1.1 M solution of CaCl2
was tested. By drying the chloride solution again in combination with
HNO3 in a hot air oven at elevated temperatures, chloride ions are oxi-
dized by the nitrate ions and the chlorine gas that is formed escapes
from the sample before mounting the carrier into the TXRF machine,
the chloride recovery rate was 0.005%.

The expensive quartz sample carriers can be cleaned after usage.
However, it is sometimes difficult to get a clean spectrumand often con-
taminations are observed, especially whenmeasuring into the low ppm
or ppb range. Also old TXRF carriers often have metal impurities left in
scratches on the carrier surface. Apart from the known elemental
Fig. 7. Contamination and corrosion of the detector window (10 mm2).
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peaks of molybdenum (source), argon (air) and silicon (in case of a
quartz carrier), other impurities that can frequently be observed in the
spectrum are calcium, zinc, iron, lead and other elements depending
on the type of samples analyzed. When the cleaning of the carriers is
not performed properly, stable oxides of these elements can be formed
which are difficult to be removed, andwhich interferewith the analysis.
For these reasons, it is recommended to use the following cleaning pro-
cedure: (1) cleaning with water and a lint-free cleaning tissue to re-
move salts, (2) cleaning with acetone and a lint-free cleaning tissue to
remove silicone or organic material from the carrier, (3) loading the
washing cassette with the pre-cleaned sample carriers, placing the cas-
sette inside a covered beaker and heating it with a 3 wt% HCl solution
during half an hour to remove metals and especially Fe(III) and Pb(II),
(4) rinsing the sample carriers with distilled water and heating the cas-
sette with RBS 50 pF during half an hour to dissolve the silicone on the
carrier, (5) rinsing the sample carriers with distilled water and heating
with HNO3 during two hours to remove the remainingmetal impurities,
(6) rinsing with MilliQ water, (7) rinsing with acetone, (8) drying the
sample carriers in the cassette at 60 °C during half an hour, (9) placing
30 μL of silicone solution onto the sample carrier and drying them dur-
ing half an hour at 60 °C, and finally (10)measuring each sample carrier
during 200 s to check their cleanness.

4. Conclusions

To illustrate the relevance of sample preparation in the detection
and quantification of aqueousmetal ion solutions by TXRF, different im-
portant parameters such as choice of standard, sample volume, drying
time, measurement time and the calibration have been studied and
discussed. As a result, optimal conditions needed for the correct mea-
surement of metal ion solutions by TXRF were found and practical and
simple guidelines were formulated which can improve the quality, reli-
ability and accuracy of the measurements. For example, better results
are obtained when the internal standard and the analyte have closer
X-ray line energies, which is in contrast with the common practice to
use gallium as the only internal standard. The concentration ratio of
the standard should be close to the one of the analyte in the sample in
order to assure good recovery rates. The quality of the analysis can be
improved, for instance, by using smaller sample volumes in order to
avoid movement of the droplet on the carrier. Further experiments
are being carried out to address complex matrix effects (e.g. ionic liq-
uids, high salt content) which will be addressed in a future publication.
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